Heating of organic reaction mixtures with microwave irradiation is an easy and rapid procedure that can be used in place of conventional heating with an oil bath, water bath, or sand bath. It has been applied in the solution phase or with solid-supported dry media. 1, 2) We have employed the microwave-accelerated Diels-Alder reaction for the synthesis of a compactin intermediate.
In the initial investigation of Robinson annulation, 2-methyl-1,3-cyclohexanedione (1) and methyl vinyl ketone (2) were absorbed on activated acidic, neutral, or basic alumina, silica gel, Florisil ® , or Montmorillonite K10. When alumina was used, the Michael addition proceeded at ambient temperature without microwave irradiation to afford the corresponding Michael adduct. 10, 11) Activated basic alumina was the most effective. 12, 13) Other supports did not promote the Michael addition even under microwave irradiation. Microwave irradiation of the mixture of the Michael adduct and basic alumina for 3 min in a domestic microwave oven resulted in intramolecular aldol condensation and subsequent partial dehydration to give a mixture of the Wieland-Miescher ketone (3) and alcohol 4. In the presence of a catalytic amount of pyrrolidine, the dehydration completed under microwave irradiation for 3 min and the reaction afforded only the Wieland-Miescher ketone (3) in 52% yield (Fig. 1) .
Microwave irradiation sufficed for the complete reaction only after addition of pyrrolidine (Table 1 entry 1) , and the temperature immediately after microwave irradiation was ca. 155°C. When this reaction was performed by heating in an oil bath at 155°C for 3 min after the addition of pyrrolidine, the annulation was not completed and afforded the Michael adduct and the ketone 3 in 33% and 19% yield, respectively. Microwave heating was effective for the dry media reaction.
The reaction of several structurally diverse 1,3-dicarbonyl compounds and a,b-unsaturated ketones was also performed in this condition (Table 1 ). All the reactions proceeded rapidly. The usable 1,3-dicarbonyl compounds included 1,3-diketone, b-ketoester, and b-ketoamide. The formation of Hajos-Parrish ketone (8) and the indan derivative 10 occurred in low yield, since the reverse reaction, hydration of the double bond in the ketone (8) followed by retro-aldol reaction, tended to occur in this condition (entries 3, 4). The reaction of 6-membered ring b-ketoester 11 and b-ketoamide 18 14) with methyl vinyl ketone (2) or ethyl vinyl ketone (5) yielded good results (entries 5, 6, 9). The required microwave irradiation time and the yield were markedly dependent on the structure in the case of a,b-unsaturated ketones. The simple a,b-unsaturated ketone 2 reacted smoothly and the yield was good. The bulkier a-or b-substituted a,b-unsaturated ketones 14 and 16 gave poor results (entries 7, 8) . This reason for this is presumably the ease of occurrence of the Michael addition. The Michael addition of the b-ketoester 11 to 2 and 5 on alumina at ambient temperature gave the adduct in 94% and 96% yield, respectively, after elution with AcOEt. On the other hand, the Michael addition of 11 to the bulkier a,b-unsaturated ketones 14 and 16 scarcely proceeded under this condition. The reaction of 11 and 14 gave a trace amount of the adduct, and adduct formation between 11 and 16 was not detected. These reactions did not proceed easily even under microwave irradiation. 15) Therefore, simple alkyl vinyl ketones are the best choice for the a,b-unsaturated ketone.
Pyrrolidine as the catalyst was required for most, but not all, of the reactions. Other secondary amines were also effective as the catalyst for the complete reaction (Table 2) .
In summary, the methodology presented provides an operationally very simple and rapid Robinson annulation on activated basic alumina under microwave. 60N (spherical, neutral, 40-50 mm, Kanto Chemical) and on percolated silica gel 60F 254 plates (Merck), respectively. Melting points (mp) were measured on a Yanaco micro melting point apparatus and are uncorrected. IR spectra were recorded on a JASCO VALOR-III Fourier-transform spectrometer. 
